The influence of inertial effects on the fluorescence anisotropy r is discussed. From recent work on the anisotropy of a prolate fluorescent molecule in a liquid solvent it is known that its estimated experimental moment of inertia is as much as about 3 orders of magnitude greater than that calculated from its geometry.
Introduction
The influence of the molecular reorientation on the depolarization of the fluorescent light in liquid solutions has been discussed by Perrin [1] and Jabfonski [2] . However, for linear rotators having a transition moment parallel to their long axis, Alicki et al. [4] suggested the generalized relaxation equation
in which K(t) is the first memory function [5] [6] [7] [8] proportional to the angular velocity autocorrelation function [4] from geometrical molecular parameters [11] . These discrepancies are mainly due to the inadequacy of the applied memory function K(t). We will show that a simple semi-empirical function K(t) [12] leads to a reasonable agreement between theoretical and experimental quantities.
Theoretical Considerations
The right side of (1) defines the angular position autocorrelation function G (t) [13] . On the other hand, G(t) is connected with the first memory function K(t) as follows [5] [6] [7] [8] :
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This equation is formally identical with (2). Both functions r(t)/r(0)
and G (t) describe the same molecular motion, thus
If we have the function G(t) or K(t) with a known decay of fluorescence, exp(-r/rF), we are able to calculate the steady-state fluorescence aniso-
or (by Laplace transformation of (2)) from
The function G(t) can be experimentally determined, for instance, from the depolarized scattered light spectrum by its Fourier transformation. Then
K (t) can be calculated directly from (4). Typical experimental shapes of G (t) and K(t) obtained in
this way [12] are shown in Figs. 1 and 2, where
is clearly non-exponential.
It is well known from other experiments [8, 7] , as well as from molecular dynamics simulations [14, 15] that K (t) possesses always a positive and negative lobe. However, the analytical approaches [4, 16] basing on a Langevin type equation of motion lead to positive values of K{t) only. Thus, the correct value of r can be evaluated basing on an experi-
However, experimental data are often incomplete and not always obtainable.
Therefore it is useful to fit the experimental function
by an analytical expression. Trumpakaj [12, 17] has suggested the following formula:
which can be proved theoretically with a modified
The GCM is based on the idea that the distribu- The reorientational relaxation time rREL may be expressed from its definition and (8) by
is an inertial term with the moment of inertia / of the fluorescent molecule.
Hydrodynamics theories yield the relation rR =
Vt]/k T [18] [19] [20] , but experimental results [19] [20] [21] [22] suggest that the relaxation time tends to a constant, z0t] > 0, when the shear viscosity r] is extrapolated to zero, i. e.
Thus, taking into account that right sides of (9) and (9 b) should be equal, we have
The relation (9 c) links the activation energy E with the viscosity r\.
Now the integral in (7) can be expressed analytically by r( 0) and r (x) is the gamma function.
For tp > r0 and low values of rj, (10) becomes (3) in which, however, the parameter A is replaced by
Although z0n does not appear in any hydrodynamic theory, it is often identified with the free rotator correlation time.
If we identify T0, with T0 (see Table 1 ) then C = T0/TF = YPÄ/JN .
Let us remark that in our case C is proportional to |Z4, where A is given by (3 a). In consequence instead of A a / in (3) we have got C a Yl in the equivalent equation (10) . Thus, the calculated moment of inertia I is now comparable with its experimental value (Table 1) [9, 10, 11],
We must notice that also other authors [19, 21] have pointed out that T0, is rather proportional to fl.
Comparison with Experiments and Discussion
For comparison of our approach with experimental data we have chosen four similar prolate fluorescent molecules: p-terphenyl and three molecules of oxido-substituted p-oligophenylens, which were experimentally investigated by Kawski et al.
[9, 10] at 296.5 K in diferent solvents with different viscosities fj. From these data the values A and / were etimated by means of (3) and (3 a Table 1 ). (12) This is the case for prolate molecules of oxidosubstituted p-oligophenylenes in non-polar solvents.
Our results, calculated from (12) with experimental data [9, 10] are listed in Table I .
It can be seen that the calculated components I.
are almost comparable with I obtained from experiment, whereas the values of / obtained from (3) and (3 a) are three orders of magnitude greater.
The effective volumes estimated from the lowviscosity region possess by about 20% lower values than those obtained from the high-viscosity region [9] [10] [11] . Such an effect was First found in light scattering experiments [23, 6] in which, however, the volumes measured were not greater than the geometrical ones. In non-polar solvents both experiments. the light scattering and the fluorescence, are in good accordance.
The results given above suggest that a single exponential memory function K(t) is not adequate for the description of molecular dynamics in a liquid.
